Abstract. Double-layered matrix tablets prepared from shellac wax-lutrol were fabricated using a molding technique, and the release of hydrochlorothiazide and propranolol HCl from the inner tablet or outer layer was studied. The simultaneous determination of dual drug release was measured with first derivative UV spectrophotometry. The tablet containing shellac wax as the outer tablet and lutrol as the inner tablet showed more appropriate drug release and the size of the inner layer influenced the rate of drug release. In addition, the aqueous solubility of the drug and the components of the inner tablet or outer layer affected the drug release behavior. Most of the double-layered tablets exhibited the drug-release pattern which fitted well with zero-order kinetic due to the restriction of the release surface. Biphasic drug release pattern was found in the tablet of which the outer layer rapidly eroded. The drug dissolution data from drug-loaded-outer layer could predict the dissolution time for the outer layer of drug-loaded inner part of double-layered matrix tablet. Incorporation of lutrol increased the drug release from shellac wax matrix, and the zero-order release was attained by fabricating it into a double-layered tablet.
INTRODUCTION
Various methods are used to prepare a matrix tablet such as wet granulation, dry granulation, direct compression, and also a sintering technique. The sintering technique is defined as the bonding of adjacent particle surfaces in a mass of powder or in a compact by the application of heat. This technique is interesting because it uses less process and excipient (1) . Many heating techniques have been used to prepare the matrix tablet such as hot-melt extrusion when the drug and other excipients are mixed and blended under high temperature and extruded whereas injection molding also uses injection at a high pressure and temperature to prepare the matrix tablet (2, 3) . The major drawback of these techniques is the requirement for high cost machinery. An easier way to prepare the matrix tablet is by a melting and molding technique as recently reported which the matrix tablet was fabricated from polyethylene glycol (PEG) using various mold sizes for modulating the release of indomethacin (4, 5) .
Typically, the lipid matrices promote a sustainable drug release. In some case, however, the drug release is too slow to maintain the drug concentration at an appropriate level or reach the therapeutic concentration. Therefore, a hydrophilic polymer is incorporated to mix or melt together with these hydrophobic matrices to tune up the drug release. Poloxamer or lutrol (L) is copolymers containing ethylene oxide (EO) and propylene oxide (PO) blocks arranged in a triblock structure presenting amphiphilic properties which promoted the release of theophylline from a glyceryl palmitostearate capsule (6, 7) . The hydrophilic property of L created the pores and channels in the wax matrix allowing higher dissolution medium penetration into the matrix. Drug release from surface eroding devices with various geometries has been investigated (8) (9) (10) (11) (12) (13) . Shellac wax (S) is used in agricultural manufacture for fruit or vegetable coating (14, 15) . In the pharmaceutical field, shellac is applied as a compression coating for conventional tablets (16) . S and L are moldable materials; therefore, they can be fabricated into a tablet using a molding technique by melting and cooling. The hydrophilic polymer can tune up the drug release profile of a waxy matrix because it can create pores and channels on the wax matrix to allow the penetration of dissolution medium (6, 17) . The addition of L to modulate the drug release of monolithic S tablet has been reported previously (7) which the sustainable drug release was obtained. Therefore, the understanding of the drug release from double-layered matrix tablets prepared from S and L was performed in this study using propranolol HCl (PRO) and hydrochlorothiazide (HCT) as hydrophilic and hydrophobic model drugs, respectively. Both drugs are used together to treat hypertension as the combined formulation in a marketed product named Inderide®.
The wax matrix tablet is an interesting approach to control the drug release; however, the drug release might be too low because of its hydrophobicity. The hydrophilic polymer is therefore incorporated into the wax matrix to tune up the drug release. However, the drug release might not exhibit a zeroorder kinetic which is the desired drug release kinetic of this pharmaceutical dosage form. Geometric shapes and surface area play an important role relating to that release. Double-layered matrix tablets were therefore prepared with S and L loaded with PRO and HCT and restrictions of surface area on dual drug release patterns were studied. These tablets were prepared by the alteration of the inner and outer layers of each matrix base which has not previously been reported. The effect of drug loading at the outer or inner layers was also investigated.
MATERIALS AND METHODS

Materials
Hydrochlorothiazide (HCT) (batch No I 1413891, supplied by Government of Pharmaceutical Organization, Thailand), propranolol HCl (PRO) (lot no M080311, PC Drug Co., Ltd., Bangkok, Thailand), lutrol F127 (L) (lot no WPDF563B, BASF, Ludwigshafen, Germany), and shellac wax (Ake shellac Co., Ltd., Lumpang, Thailand) were used as received.
Preparation of Matrix Tablet
L and S were accurately weighed after deducting the displacement value (D.V.) of each drug (80 mg of PRO and HCT/tablet). The D.V. of each drug was calculated by using the equation as described previously (18) . The schematic configuration for the obtained double layer tablet is shown in Fig. 1 and the total formula and their compositions are shown in Table I . The inner drug-loaded matrix (IDM) was fabricated by firstly melting and molding the selected component in 8-or 12-mm diameter stainless steel molds with the melting method at 80°C. HCT and PRO were combined and incorporated into the molten base. L and 7:3 (7:3 L:S) were used to prepare the inner tablet. S was not incorporated with these drugs due to its hydrophobic property which did not allow the drug to be released. However, it was still used as control base because of its good barrier property. The inner tablet was carefully placed at the center of the 15-mm diameter stainless steel mold and thereafter the outer layer material (S, L or 7:3) was individually melted at 80°C and poured around the inner tablet. Double-layered tablets were solidified at room temperature and kept in a desiccator. Additionally, the drugloaded outer matrix (ODM) was also prepared using only an 8-mm tablet as the inner tablet. The inner tablet was carefully placed in the center of the 15-mm diameter stainless steel mold before the molten base incorporating both model drugs was poured around the inner tablet. The obtained ODM were solidified at room temperature and kept in the desiccator before testing.
Weight Variation, Friability, Hardness, Thickness, and Diameter Determination Weight variations of the tablets were determined which average weight and standard deviation were calculated (n = 20). The friability was determined as the percent weight loss from 20 tablets. Twenty tablets were weighed and rotated for 100 revolutions for 4 min using a friabilator (Yieheng Engineering, Bangkok, Thailand). Ten tablets were observed for their hardness, thickness, and diameter using a hardness tester (TBH 325 TD, Basel, Switzerland). Average and standard deviation of hardness, thickness, and diameter were presented (n = 10).
Drug Release Study
The dissolution of PRO or HCT was studied using dissolution apparatus I (basket apparatus, RC-6, Minhua Pharmaceutical machinery Co., LTD., China) at 100 rpm rotational speed in 900 mL distilled water at 37.0 ± 0.5°C as previously reported (7). The 5-mL dissolution medium was sampled at specific time intervals. The volume of sample solution removed was replaced with an equal volume of fresh dissolution fluid. The simultaneous determination of dual dissolution for the two drugs was measured using first derivative UV spectrophotometry (FUV) (Perkin-Elmer, Germany) as previously reported (7, 19) and the obtained spectra (D1), at 297 and 336 nm for PRO and HCT, respectively, were employed for this study. The range of linearity of PRO and HCT was 1.5-7.5 (r 2 = 0.9999) and 3.6-18.0 μg/ml (r 2 = 0.9996), respectively. The % recovery of PRO and HCT was 106.59 and 97.11, respectively. Precision was determined as intraday and interday 
Statistical Analysis
All statistical significance was examined by using one-way analysis of variance (ANOVA) followed by the least significant difference (LSD) post hoc test with significance level of p < 0.05. The analysis was performed by using SPSS for windows (version 11.5).
RESULTS
Physical Properties of Double-Layered Matrix Tablets
The prepared tablet fabricated with this molding technique at 80°C did not change the physicochemical properties of drug molecules in matrices as previously reported (21) . The previous article from my previous work indicated that there was no change for drug molecules. The double-layered tablet was prepared from three different matrix bases including L, S, and 7:3. The combined drug was loaded in L or 7:3 because S did not allow drug release. However, S showed a good barrier property against the dissolution medium, hence it was chosen to prepare a non-drug-loaded layer and compared with L and 7:3. Both drugs were loaded into the outer (ODM) or inner (IDM) sections of the double-layered tablets. For fabricating IDM, the molds with diameters of 8 and 12 mm were used. In the case of ODM, only the 8-mm inner tablet was used. The physical properties of 8 and 12 mm IDM are presented in Table II . The obtained data were compared between the tablets prepared with different bases using either the inner or outer of the matrix tablets and the dimension of the inner layer which was either 8 or 12 mm. The inner layers were made from L or 7:3. These inner tablets were covered by an outer layer which was made of L, S, or 7:3. The diameter of tablet was in rank of 14.78-15.03 mm and thickness was in rank of 6.56-6.85 mm. The difference in tablet weight was influenced by the type of matrix base used either inner tablet or outer layer. For tablets having the same material for the inner matrix, the type of material used in the outer layer influenced the tablet weight. The tablet weight was highest in tablets with outer layer made of L, followed by 7:3 and S, respectively. This trend was similar for both 8-and 12-mm IDMs. The tablet weight differed slightly and depended on whether L or 7:3 was used as the inner matrix base. The inner tablet made of L was heavier than that made of 7:3. This result was more evident when the inner tablet was larger. All of prepared mold tablets showed the apparently low friability (0.04-0.18%). For thickness and diameter, the differences were minor due to the fix diameter of mold.
The hardness of IDMs made from both 8 and 12-mm inner tablets seemed highest when 7:3 was the outer layer followed by S and L, respectively. The inner tablet also affected the hardness but it was more evident in 12-mm IDMs. By comparison for inner tablets made from L and 7:3, the hardness was not quite different in the 8-mm IDMs. The inner tablet made from 7:3 showed higher hardness than that made from L. The hardness of 12-mm IDMs was higher than that of 8-mm IDMs as shown in Table II . However, the effect of L and S as outer layers on tablet hardness was not found when 7:3 was used as the inner tablet as reported by the statistical results. For 12-mm L/7:3 and L/S IDMs, the hardness was not different but that of the other formula was different significantly (p < 0.05).
In the case of ODMs, their physical properties are shown in Table II . The weight of tablets made from L as the outer layer was higher than those made from 7:3. The effect of the inner material on tablet weight demonstrated the same trend as observed in the outer layers. Tablet weights were highest when the inner layer was L followed by 7:3 and S, respectively. The hardness depended on the type of both outer and inner layer bases. The hardness of tablets made from 7:3 as outer layer was higher than that made from L. The tablet hardness of the inner tablet made from S and 7:3 was not quite different unlike L inner tablet which showed the lowest hardness. The hardness for ODMs was not different between the tablets made from 7:3 and S as the inner tablet as seen in the statistical analysis data for the pair of S/L-7:3/L and S/7:3-7:3/7:3 tablets.
Drug Release from Double-layered Matrix Tablet
IDM
Distilled water was used as dissolution medium to avoid the effect of pH and ion from medium on drug release. For 8-mm IDMs, both HCT and PRO were released within 180 min from L/L whereas L/S sustained drug release by delaying the dissolution of both drugs while the drug release was steady at approximately 420 min (Fig. 2) . Biphasic drug release was found in L/7:3. The first phase was between 0 and 150 min when both drugs released at a slower rate than the second phase. The maximum HCT release of L/L was higher than from L/S and L/7:3, respectively. PRO released faster than HCT from all formula. The fastest drug release was obtained from L/L followed by L/7:3 and slowest from L/S. A sustained drug release was found for all formula when the inner tablet was 7:3 ( Fig. 2) . Biphasic drug release was obtained from 7:3/L and 7:3/7:3. However, the initial phase of drug release from 7:3/L was shorter than 7:3/7:3 when the second phase started at about 240 min. The drug release from 7:3/S was not biphasic but with a unique release pattern when the initial drug release was faster, then there was a slow drug release. The drug release from L inner tablet was faster than that of 7:3. The outer layer also influenced the drug release with the fastest drug release being found when the outer layer was L followed by 7:3 and S, respectively.
For IDMs with a 12-mm inner layer using L as the inner layer, the drug release from tablets prepared with L/L and L/7:3 were almost the same (Fig. 2) . The drugs were completely released within approximately 150 min. Biphasic drug release was found only in the case of HCT. The second phase of drug release was evident after 45 and 120 min for L/L and L/7:3, respectively. In the case of L/S, a sustained release pattern was reached at about 300 min. The drug release was fastest for both L/L and L/7:3 and slowest for L/S. For IDMs with 12 mm inner layers prepared with 7:3, the fastest release was found for 7:3/L followed by 7:3/7:3 and slowest in 7:3/ S, respectively (Fig. 2) . Biphasic drug release was found with the transition period at about 60 and 90 min for 7:3/ L and 7:3/7:3, respectively. According to the results, the inner and outer layers influenced the drug release. The inner layer made from 7:3 sustained the drug release more effectively than that made from L. The drug releases were not quite different for IDMs using the inner tablet as 7:3 and S or 7:3 as the outer layer. These formulations sustained the drug release longer than the tablet using L as outer layer. On the contrary, the drug release from the L/L and L/7:3 released at the same rate and faster than L/S when L was the inner tablet.
This study compared the drug release from systems comprising of 8 and 12-mm inner layers. Normally, an inner tablet with smaller surface area should sustain the drug release more effective than one with a larger surface area (12) . Therefore, the 8-mm IDM should sustain the drug release longer than the 12-mm IDM. Our results indicate that, in addition to surface area of the inner compartment, the type of matrix also influenced the drug release rate. When L was employed as the inner tablet, the 8-mm IDM could sustain the drug release more effectively than the 12-mm IDM except for L/L when the release rates of 8-and 12-mm IDM seemed equal. On the other hand, when 7:3 was used as the inner tablet, the 12-mm The determined values are mean ± SD (*n = 20; **n = 10) Fig. 2 . Drug release profiles of HCT (above) and PRO (below) from 8 and 12-mm IDM formula with different inner tablets and outer layers in distilled water (n = 3). The , , and expressed the outer layer as L, S, and 7:3 when L was the inner tablet, respectively. The , , and expressed the outer layer as L, S, and 7:3 when 7:3 was the inner tablet, respectively IDM showed a slower drug release than the 8-mm IDM, due to the swelling of the 7:3 L:S tablet as seen during the dissolution test.
ODM
Eight millimeter L, S, and 7:3 tablets without drugs were used as the core layer, and the drugs were incorporated into the outer layer prepared from 7:3 and L. The type of inner tablet did not influence the drug release when the outer layer was L while L or S was used as the inner tablet (Fig. 3) . The drugs released at the same rate except for 7:3/L when the drug release was apparently more sustainable than that from both L/L and S/L. Almost all of drug in L/L and S/L released within 90 min but 7:3/L promoted a slower drug release. The core layer did not influence the drug release when 7:3 was employed as the outer layer. The type of base used as the outer layer influenced the drug release (Fig. 3) . The outer layer made from 7:3 sustained the drug release longer than that made from L. On the other hand, the tablet containing L as the outer layer released most of its drug content within 90 min for L/L and S/L but longer for 7:3/L. When compared with IDM, the drug released from ODM was apparently faster when the same inner tablet was used. Moreover, biphasic drug release was not observed in ODM systems.
Effect of Dissolution Medium on Drug Release
The prepared tablet which sustained the drug release at the most constant rate was selected to study the effect of pH on the drug release. Using this criterion, the 8-mm IDM of L/S was chosen because the drug release was steady and the drug release was complete in about 420 min. The release of both PRO and HCT could be sustained for up to 420 min (Fig. 4) . However, the highest drug released in HBS was lower than that released in distilled water. The rate and content of PRO released was higher than that of HCT in distilled water but the rate and content of HCT released was higher than PRO in HBS.
The release of both drugs was sustained for 480 min in PBS. The different drug releases were found in HBS and distilled water because HCT released in HBS faster than in distilled water and PBS but PRO released in HBS slower than that found in distilled water and slightly faster than PBS after 180 min. The release rate of HCT in PBS was close to that in distilled water in the first 150 min. The release rate of PRO in PBS was similar to that in HBS in the initial state. Then, HCT released in distilled water gradually faster than that found in PBS. HCT released faster than PRO in PBS and vice versa in distilled water.
Drug Release Patterns from Double-Layered Matrix Tablet
General mathematical equations were developed to describe the drug release from slabs, spheres, and infinite cylinders (8) . The double-layered matrix tablet was designed to take advantage of the surface area controlling the drug release since it was designed to keep the surface area constant throughout the dissolution study. The IDM had smaller surface area than ODM; thus, it sustained the drug release longer. Because of the constant surface area, it should release at a zero-order kinetic (11, 12) ; however, the system prepared with some formula did not. Thus, other variables beside surface area must be taken into consideration. Fig. 3 . Drug release profiles of HCT (above) and PRO (below) from ODM formula with different inner tablets and outer layers in distilled water (n = 3). The , , and expressed the outer layer as L, S, and 7:3 when L was the inner tablet, respectively. The , , and expressed the outer layer as L, S, and 7:3 L:S when 7:3 was the inner tablet, respectively 
IDM
The degrees of goodness-of-fit of release profiles for both HCT and PRO from 8-mm IDMs to different mathematical equations are shown in Table III . Most of the drug release profiles fitted well with zero order except for that of HCT from 7:3/L which followed a first-order kinetic and PRO from 7:3/S which was suitably described by Higuchi's model.
The drug release profile from 12 mm IDMs was influenced by the increased surface area. Both PRO and HCT releases still fitted well with the zero-order kinetic but that from the 7:3 inner tablet formula varied (data not shown). The HCT of 7:3/S and 7:3/L releases followed Higuchi's model (r 2 = 0.9959 and 0.9920, respectively). The PRO release profile from 7:3/L was suitably described with Higuchi's model (r 2 = 0.9967) but 7:3/S and 7:3/7:3 fitted well with the first order (r 2 = 0.9944 and 0.9981, respectively).
ODM
Almost all of the drug release from ODM fitted well with the zero-order kinetic especially for HCT loaded tablets (Table IV) . The cube root law only fitted well for HCT released from 7:3/L. The first order suitably described the drug release from both L/7:3 and 7:3/L but the cube root law best described that from 7:3/7:3. The influence of an increased surface area on drug release was more apparent in PRO than in HCT. Drugs loaded in 7:3 L:S exhibited various release patterns. Most of the drug loaded in L showed the best fit with the zero-order kinetic.
Drug Release Patterns in Different pH
The release pattern from 8-mm IDMs of L:S showed best fit with the zero order for both PRO and HCT in distilled water but the release profile of some drug in PBS or HBS did not follow the zero-order kinetic (data not shown). The release pattern of HCT in HBS pH 1.2 was first order; however, it remained zero kinetic in PBS pH 7.4. For PRO, the pH did not influence the dissolution profile. The zero order still remained the best fitted model for both drugs released in HBS and PBS.
DISCUSSION
The hardness of double-layered tablets varied depending on many factors such as the ratio of L to S, the size of the inner tablet, and the thickness of the outer layer. The chemical structure arrangement and type of polymer, whether thermoset or thermoplastic, influenced the hardness of the injection molded tablet (22) . The larger inner tablet indicating a thinner outer layer produced a higher hardness; therefore, the inner tablet played the more important role relating to tablet hardness. Actually, a thicker outer layer should produce higher hardness as previously reported (23) . They investigated the physical properties of compressed three-layered tablets where the increasing amount of barrier layer produced higher tablet hardness. This might be due to the differences in tablet preparation where the hardness of the molded tablet depended on the molecular arrangement of the compounds in the inner tablet.
The double-layered tablet in this study was designed to modulate the drug release with a zero-order profile and to prolong the drug release. The design of the tablet focused mainly on the controlling surface area of the matrix tablet. Many tablets have been designed to control the surface area for drug release such as the donut or ring shaped (12) or other shapes such as core-in-cup and compressed coated tablets as previously reported (24) . The design of tablets in this experiment was based on the restriction of surface area. The drugloaded matrix was used as the inner tablet then the surface around the inner tablet was shielded by the outer layer without drug loading. Therefore, the inner drug-loaded matrices (IDMs) allowed drug release mainly from the top and bottom of the tablets only. The outer drug-loaded matrices (ODMs) were also investigated in order to study the sustained drug release from outer shell when the inner was restricted. Moreover, drug release profiles obtained from the ODMs could describe the disappearance of the outer layer of IDM which promoted the biphasic release profiles. The 8-mm IDM showed a faster drug release for the L inner tablet whereas the IDM using a 7:3 inner tablet showed a slower drug release. This was due to the rapid erosion of the hydrophilic matrix of L (25, 26) . In the case of the 7:3 outer layer, the release was sustained but still faster than the S outer layer because 7:3 lowered the drug release owing to the apparently strengthened gel as previously reported (7) . The gel structure of L occurred by the rearrangement of PPO and PEO unimer of polymer chain. In the dissolution medium, the PPO firstly dehydrated and formed the inner layer micelle then PEO formed outer layer micelle due to its hydrophilic property. The spherical micelle was then attributed packing each other if it contained sufficient polymer to become a gel (26, 27) . The gel network from high content of L was owing to hexagonal form formation which was the compact structure. However, it still did not completely block the surface area around the inner tablet; hence, it showed greater drug release than S. Biphasic drug release was found in L/7:3, 7:3/L, and 7:3/7:3 tablets. Since the outer shell could completely erode and, subsequently, the surface area around the inner tablet was suddenly increased, the result was an increase in the later phase of drug release as illustrated in Fig. 5a . Biphasic drug release was evident for the tablet which its release surface area was changed (24) . When the outer layer was insoluble, S, the surface area around inner tablet, did not alter. Therefore, L/S and 7:3/S did not exhibit biphasic drug release. S completely protected the surface area around the inner tablet; thus, the drug release mainly occurred from the top and bottom of IDM as presented in Fig. 5b . L/L rapidly eroded because the erosion rate of the same type of polymer was not different; therefore, the biphasic drug release was not evident. Therefore, the type of outer shell influenced the drug release from IDMs. The similar result had been reported previously for the influence of coated layers onto Geomatrix or coated matrices on drug release behavior which the biphasic release profile was evident (13, 28, 29) .
Drug release from 12-mm IDMs using L or 7:3 as the inner tablet was faster than that of 8-mm IDM tablets because of the greater surface area on the top and bottom of 12-mm IDMs. The drug release of L inner tablets varied depending on the outer layer. The release profile was similar when the outer layer was L or 7:3 but S produced a greater prolongation of drug release than the other two types of outer layer. This result was different from that of the 8-mm IDM where the release was fastest when the outer layer was L, followed by 7:3 and S, respectively. Therefore, the outer layer made from 7:3 did not apparently influence the sustained drug release in 12-mm IDMs because the thin outer layer caused rapid erosion. Biphasic drug release was also found in 7:3/L and 7:3/7:3 IDMs where the shift point occurred at 60 and 90 min, respectively; therefore, L outer layer almost eroded within 60 min and the 7:3 within 90 min. The outer shell did not erode when S was the outer shell; thus, the surface area was lesser than those of the previous two formulations. The type and hydrophilicity of barrier influenced the drug release from Geomatrix tablet (29) . Triple-layered donut-shaped tablets for extending theophylline release were prepared by layering with compression of bottom and top layers with water insoluble polymer such as ethyl cellulose (13) . For ODMs, drug release was almost complete at only 90 min for a drug-loaded L formula. Sustained drug release was found for tablets using L as the outer layer in 7:3/L ODM which prolonged the drug release for up to 150 min. Small amounts of the drug might have contaminated the 7:3 inner layer from the preparation process; hence, the drug release was slower. The drug released at almost the same rate for L/7:3, S/7:3, and 7:3/7:3 because the surface area played a more significant role on drug release (30) . The surface area of ODMs was greater than that of IDMs and the swellable 7:3 could obstruct the hole being necessary for the erosion of the inner tablet especially when L was used as the inner tablet. The hole obstructed by the swelling of the outer shell was reported in the donut-shaped tablet (13) . For S/7:3 and 7:3/7:3, the inner tablet did not erode when S was the inner tablet and gradually eroded when 7:3 was used as the inner tablet. The slow erosion of the 7:3 inner tablet was overcome by the swelling of the outer layer, as in L/7:3. According to the results, the surface area for drug release of ODMs using 7:3 as the outer shell was not significantly changed thus the drug release profiles from these tablets was not quite different. The drug release patterns of ODMs comprising erodible outer layers and insoluble inner tablets are presented in Fig. 5c .
HCT released into HBS faster than into distilled water and PBS. On the other hand, the release of PRO into distilled water was fastest whereas a slower drug release was evident in the two remaining buffers. PRO dissolution was lowered by the effect of salts in the dissolution medium, especially common ion effect like chloride ion in HBS (31) . A major role in the decrease of PRO dissolution was from the common ion effect and ionic strength influencing the dissolution of ionized drugs (32, 33) . The variation in HCT release in this experiment was due to the difference of gel structure in the matrix tablet during dissolution. In HBS, the gel structure was loosened by hydrochloride as previously described (34) ; therefore, HCT in HBS released faster than in PBS and distilled water. PRO released in distilled water faster than in the other two buffers because the dissolution of the drug was decreased by the common ion in the latter two dissolution fluids. Although the loosened gel network occurred in HBS, the drug dissolution might play a more important role on drug release, thus the release of PRO in HBS and PBS was slower than in distilled water.
Typically, a constant surface area promoted a zero-order kinetic (11) (12) (13) . However, the hydrophilicity of a drug also influenced the release behavior as seen for HCT from 7:3/L and PRO from 7:3/S 8-mm IDM when the release data fitted well with the first-order and Higuchi's model, respectively. The outer shell of 7:3/L was rapidly eroded; therefore, the surface area was not kept constant throughout the experiment hence the HCT release depended on its concentration. On the other hand, PRO from 7:3/L still released with a zero-order kinetic although the surface area was not kept constant. The faster release of PRO might balance with the release surface area since the drug was loaded into a smaller tablet compared with the single-layer tablet; hence, the surface area was small. The smaller release area compensated for the high water soluble property of PRO and promoted the zero-order release of PRO loaded in a 7:3/L IDM. In the case of 7:3/S, PRO release fitted well with the Higuchi's model. As discussed previously, the zero-order release kinetic of PRO loaded in 7:3/L was owing to the balance between the release surface area and the hydrophilic property of PRO. When the surface area around the tablet was shielded with S, the surface area of drug release was only at the top and bottom of the tablet. Unfortunately, the swelling of the top and bottom of IDM as mentioned previously (7) generated the dumb bell-like tablet. Because of the increasing dissolution path length, PRO release fitted well with Higuchi's model. In the case of 7:3/S, the release of HCT was slower than that of PRO. Therefore, the drug release was mainly controlled by the erosion of the tablet and fitted well with the zero-order kinetic. The difference of drug release characteristic of multilayered tablets depended on hydrophilicity of lower and upper barriers (35) . In general, a constant drug release should be achieved when both barrier layers are hydrophilic and the core is hydrophobic (36) (37) (38) . However, other factors also need to be considered to attain a zero-order drug release.
Most of the drug release from the 8-mm IDM was also fitted well with a zero-order kinetic but the larger tablet (12-mm IDM) showed more varied drug release kinetics. This variety of drug release occurred only when the drug was loaded in 7:3 because the surface area was not kept constant due to the swelling of 7:3 tablet. The different drug release kinetic from the same base was also explained by the hydrophilicity of each drug. PRO dissolved and diffused easier than HCT; thus, the variety of drug release mechanisms was obtained. The drug release kinetic of PRO in 7:3/L was Higuchi's because the surface area was not kept constant and rapidly eroded. The first-order release kinetic was obtained when the outer layer was S or 7:3. The 7:3 inner tablet promoted swelling of the matrix tablet (7); therefore, the release area on the top and bottom was not constant; hence, the drug release did not fit with a zero-order kinetic. As described previously, the high water solubility of PRO promoted the variation of drug release. In the cases of 7:3/S and 7:3/7:3, the swelling of the inner tablet and the high water solubility of PRO resulted in the first-order release kinetic. Unlike HCT, its release kinetic was Higuchi's model for 7:3/L and 7:3/S because it slowly released. Therefore, the increase of diffusion path length played a significant role on its release behavior (39, 40) .
The high release area of ODM was presented because the drug was loaded in the outer layer. Therefore, the kinetic of drug release was varied especially when the drug was loaded in 7:3. Moreover, the hydrophilicity of PRO promoted many drug release kinetics for different formulations unlike HCT where the drug release fitted well with the zero-order kinetic.
PRO release from L/7:3 and 7:3/L followed first order because of the presence of a higher surface area and the high water solubility of PRO. The system could not keep the drug concentration gradient constant because the high surface area promoted higher penetration of the dissolution medium. Therefore, PRO released from these two formulations was described suitably by the first order. Some matrix tablets liberated the drug with anomalous non-Fickian diffusion kinetic has been reported previously (41, 42) . In the case of drug release from 7:3/7:3, the release of PRO followed the cube root law indicating drug release from erosion with a constant geometric shape whereas the HCT release best fitted with the zero-order kinetic because its slow release was balanced with matrix erosion. HCT was less water soluble than PRO; moreover, it could be solid dispersed in L. Therefore, it was possible that the release of HCT was mainly controlled by the erosion of the matrix tablet and followed the zero-order kinetic. Otherwise, the drug liberated from the loosened gel structure caused the alteration of the drug release kinetic which was discussed later in the effect of pH variation. For the reasons described above, HCT released from this system was best described by the zero-order kinetic. In the case of PRO, the drug released faster because of its high water soluble property; hence, the drug release did not fit well with the zero-order kinetic. However, the release was restricted by the compact and dense structure of the gel. Therefore, the suitable model for explanation of drug release of PRO was the cube root law.
The drug release profiles of 8-mm IDMs comprising L/S almost fitted well with the zero-order kinetic except for that of HCT in HBS medium. As described previously, HCT release was mainly controlled by the erosion of the matrix base because it was solid dispersed into L; hence, it promoted the zero-order release kinetic. In case of HCT in HBS, the gel network was loosened by this medium as mentioned above (34) . Therefore, the HCT easily liberated from the matrix base and the drug release was not mainly controlled by the erosion of the matrix but from the drug dissolution. According to the result, the release of HCT in HBS depended on its concentration described by the first-order kinetic. The loosening of the gel network should have produced easier diffusion of PRO and resulted in the first-order kinetic release profile the same as HCT. The release of naproxen through some hydrogel followed the anomalous transport (43) . However, the drug release kinetic of PRO in this experiment still fitted well with zero order. PRO dissolution was decreased by the other salts in the buffer medium; therefore, instead of rapidly dissolving and diffusing out of the tablet, PRO gradually dissolved and diffused with a zero-order drug release kinetic.
CONCLUSIONS
The restriction of surface area of double-layered tablets as IDMs could promote a zero-order drug release. Most of the drug release from these tablets fitted well with zero order whereas some tablets did not because of the swelling of the 7:3 inner tablet. Biphasic drug release was evident when the outer layer eroded rapidly resulting in the appearance of the surface around the drug-loaded inner tablet and promoting the later higher drug release rate. A comparison of the drug release from different sizes of the inner tablet demonstrates that increasing the release surface area promoted a faster drug release. L/S IDMs sustained the dual drug release with a zeroorder kinetic owing to the restriction of surface area of the drug-loaded inner matrix by the outer insoluble S. When compared with IDMs, the drug release from ODMs was faster when the same inner tablet was used. Moreover, there was no biphasic drug release from ODM systems. The drug dissolution data from ODMs could indicate the dissolution time of the outer layer of IDM. Solubility of drugs influenced their release behavior from the double-layered tablets. The increased HCT release in HBS was explained by the depletion of the gel network in this medium. PRO released fastest in distilled water whereas the common ion effect and the other salts in the buffer medium promoted a low dissolution of PRO. S, which is a natural product obtained as waste from the shellac manufacturing process, could be used as a matrix base. The drug release from S matrix tablets could be tuned up by the incorporation of a hydrophilic polymer such as L. Zero-order drug release could be achieved by the restriction of drug release surface area as in the form of double-layered tablet.
